The purpose of this study was to systemaically investigate hazardous material (hazmat) releases and determine the mechanisms of these accidents, and the industries/activities and chemicals involved. We analyzed responses by Massachusetts' six district haz t teams fiom their inception through May 1996. nformation from incident reports was exraced onto standard coding sheets.
The EPA has defined a hazardous material as any substance that "may present severe health hazards to humans following shortterm exposure during a chemical accident or other emergency" (1) . A hazardous materials (hazmat) incident may potentially occur at any point in the manufacture, storage, transport, sale, usage, or disposal of a substance (2). Approximately 60,000 chemicals are manufactured and used in the United States, and about 2,000 of these have been defined as hazardous by the Department of Transportation (DOT) (2).
Examples such as the methyl isocyanate release in Bhopal, India; the explosion involving dioxin in Seveso, Italy; the Chernobyl nuclear accident in the former Soviet Union (3) ; and the recent Tokyo, Japan, subway sarin attack (4) have emphasized that hazardous materials releases may cause substantial human morbidity and mortality. Many reviews (5-1J) have addressed the need for emergency community and medical preparedness to minimize the adverse consequences of such incidents, and many communities have formed local emergency planning committees (LEPCs) and hazardous materials teams to cope with accidents. Yet , there has been little discussion in the literature directed at the primary prevention of such incidents.
We previously studied the first 88 hazmat responses by Massachusetts' six district hazmat firefighter teams, from their inception through February 1994 (11) . In The proportion of incidents resulting in injury was highest for explosions, but was similar for other causes of accidents (fires, spills, and motor vehicle accidents), either alone or in most combinations. Explosionassociated injuries included inhalation expo-Articles -Hazardous materials incidents sures, explosion-related trauma, and chemical burns. Injuries sustained during vehicular accidents, with or without spills, were primarily due to the vehicular accidents and not to hazardous materials. Over 70% of injuries sustained during fires were due to inhalation exposures. Most spill-associated injuries were chemically associated: most frequently, inhalation; followed by dermal exposures; while trauma due to motor vehicle accidents occurred in five incidents. Table 2 describes the facility type or activity at which hazardous materials accidents occurred. The majority of hazardous materials incidents occurred at fixed facilities; transportation-related incidents accounted for 31 of 157 (20%) incidents. When considering individual facility types, transportation-related incidents were the most common, followed by accidents occurring at industrial, commercial, health care, and residential sites. For 8 (5%) of the incidents, information on the facility type or location of the incidents was unavailable.
There were several specific locations involved in accidents more than once. There were two incidents at a company involved in the cleanup and transportation of waste; both of these incidents involved lead, and one each involved sulfuric acid and silver metal. A trucking terminal had two incidents involving spills. There were two incidents at a police headquarters due to a faulty heating system that filled the building with carbon monoxide on 2 consecutive days. There were two incidents at one chemical company involving fires and a mixture of materials, including neoprene, a synthetic rubber compound. Finally, there were two incidents at a university, both occurring in laboratories during experiments, which resulted in fires. Table 3 displays the hazardous materials that were observed frequently in incidents at specific facility or activity types. Oil was involved in almost half of transportationrelated incidents, and transportation-related incidents accounted for 15 of 22 (68%) accidents involving oil. Chlorine derivatives and gasoline were also observed in multiple transportation-related accidents.
The majority of hazardous materials accidents at hospitals involved ethylene oxide. Similarly, of the seven incidents involving ethylene oxide, five (71%) occurred at hospitals. Freon, which is mixed with ethylene oxide in gas canisters for use in sterilization, was involved in three of eight incidents at hospitals and in three of five (60%) incidents involving ethylene oxide.
Eight hazardous materials incidents occurred at schools. Chlorine derivatives were involved in half of these, and metals/metalloids were involved in another 25%.
Metals/metalloids were also observed repeatedly at chemical companies and other industrial sites and twice in waste-related accidents.
There were several facility types that were very strongly associated with specific hazardous materials. Cyanide was found in three of four incidents at electroplating operations, while three of five accidents involving cyanides were at electroplating facilities.
Of the three incidents involving cyanide that occurred at electroplating operations, two (66%) resulted in inhalation injuries. All three incidents that occurred at gas stations involved gasoline [three of seven (43%) accidents involving gasoline occurred at gas stations]. In both incidents at water treatment facilities, chlorine was the sole hazardous material involved.
Some frequently observed substances were associated with many different types of facilities and activities: chlorine derivatives were observed in 30 (18%) incidents involving 15 classes of facilities; ammonia derivatives were associated with 10 facility types in 11 incidents; metals/metalloids were observed at 8 facility types in 12 accidents; nitrites/nitrates were associated with 8 facility types in 12 accidents; and sulfites/sulfates were observed in 7 classes of facilities in 10 incidents.
Discussion
Spills (including other leaks and escapes) of hazardous materials, either alone or in combination, were the most frequent cause of hazardous materials accidents in this study and were involved in 76% of accidents. This is in agreement with our initial study [team inception through February 1994, 88 incidents; (11) ], which found spills to be involved in 79% of Massachusetts hazardous materials incidents. Shaw et al. (13) found that leaks or drops from moving vehicles and vehicular accidents were common causes of hazardous (11, 13) that tank and container construction, as well as worker education regarding the safe loading, handling, and disposal of hazardous materials, are appropriate targets for preventive interventions. Releases of hazardous materials at industrial, commerce, warehouse, transport, residential, and disposal-related sites confirm that hazardous materials accidents can occur anywhere along the chain of production, distribution, storage, usage, and disposal. The vast majority of hazmat responses by Massachusetts district teams were to incidents occurring at fixed facilities, while transportation-related accidents made up a significant minority (20%). This is similar to our initial study in which 84% of accidents occurred at fixed facilities (11) and to HSEES data in which 23% of events were transportation-related and 77% were fixed-facility events (14) . These studies contrast with data from Binder (15) and Shaw et al. (13) , who reported 56% and 89% of hazmat incidents, respectively, to be transportation related. As we have previously noted (11) , this marked difference is most likely due to the use of databases (California Highway Patrol and DOT) that are likely to be biased toward transportation-related incidents.
It is of concern that 11% of responses were to incidents at schools or health care facilities. This is similar to our initial study in which incidents at health care facilities and schools accounted for 15% of all responses (11) . These accidents are especially worrisome because of the potential for toxic exposures to more susceptible populations: children and persons with various medical illnesses. School and hospital laboratories and hospital sterilization areas using ethylene oxide (EtO) should be targets for increased safety planning, awareness, and training in the safe use of chemicals.
Sullivan (16) has suggested that, although the use of EtO as a sterilization agent in the health care industry accounts for less than 5% of EtO production, the potential for EtO exposure is probably greater in the health care industry than in the chemical industry. In this study, 71% of incidents involving EtO occurred at hospitals, while 62% of hospital accidents involved EtO 
